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Power Electronics in xEVs 
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Power Electronics Modules in xEVs 


Current Profile Under 0506 Drive Cycle 


Typical Traction Drive 
Requirements: 55 kW peak 


power for 18 sec; 
30 kW continuous power; 
15-year life 


Temperature / Environment 


Ambient air: -40°C to 135°C 
Coolant water: -40°C to 105°C 
Junction: -40°C to 175°C 
Vibration: 10g 

Shock: 50g 
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Number of Cycles 


Automotive Power Module Reliability 
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Device Delta Tj Profile Under 0506 Drive Cycle 
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Current(A) 


Comprehensive Evaluation 


Semiconductor Characterization 
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Si Module Packaging Status and Trend 
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Operation Temperature of Power Module 
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Failure Mechanism: Thermal Expansion 
and Fatigue 
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Power Module Packaging Materials 
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High Reliability Packaging: Structure 
Optimization 
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High Reliability Packaging: Ag 
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Complex Metallization Interconnection 
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200'C Si IGBT Power Module 
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New Concept: Planar Bond All Integrated 
Power Module 


eese ПТТ" ПТТ 3-0, Planar Power 
ach, Interconnection 
А 
«Integrated, Double Sided 
Die Attach ке L-Diode + U-Diode a Cooling 


«*Symmetrically Mechanical 
Structure 


«* Simplified Manufacture 


p" Аа 


% Oak RIDGE NATIONAL LABORATORY 


MANAGED BY UT-BATTELLE FOR THE U.S. DEPARTMENT OF ENERGY 


Solderable Front Metallization 
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Develop New Packaging Process 
Technology 
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PBA Power Module 
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Junction temperature 


WBG Power Semiconductors 
Property GaAs SiC GaN Diamond 
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All-SiC Phase Leg Module Packaging 
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Characterization of SiC Modules 


SiC module Switching Waveforms 
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Module Performance Evaluation 


SiC and Si Comparison 


Packaging Comparison 
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High Temperature Evaluation of SiC Power 
Module 
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Summary 


» Power electronics are critical enabling factors to promoting 
electric drive vehicles (HEVs and EVs). Power packaging 
technologies have been advancing, with focus on 
improvements in cost, reliability, power efficiency and density 
through structure optimization, material and processing 
developments. 


»The State-of-the-Art power modules feature less electrical 
parasitics, lower thermal resistance and enhanced thermo- 
mechanical properties to assure the reliability of power 
electronics in automotive harsh environments. 


>It is envisioned that more advanced packaging structure/ 
material/process schemes will be developed and integrated for 
high temperature and high frequency operation of Si and wide 
bandgap (SIC, GaN) power devices for future automotive 
applications . 
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